Reduction of the number of backcross generations for the establishment of congenic strains was achieved by the use of marker-assisted selection protocols (MASP). Simple sequence length polymorphisms (SSLP), such as polymorphic microsatellite loci, were used as markers in low and high density screens, which showed a maximal marker distance of 25 cM and 10 cM, respectively. For low density screens, cost-benefit calculation resulted in the use of about 60 markers uniformly distributed throughout the genome. Once a marker has been established in the backcross line, no further analysis of this marker is necessary in the offspring of the subsequent matings (Markel et al. 1997 , Wakeland et al. 1997 Polymorphic microsatellite markers in the outbred CFW and ICR stocks for the generation of speed congenic mice on C57BL/6 background Visscher 1999 , Lange & Whittaker 2001 . The minimal number of generations needed for the production of congenic mice by using MASP varied between five and seven, depending on the availability of suitable animals in the first backcross generations for the use in the subsequent matings. The calculations were based on the single 'best' male harbouring the highest degree of homozygosity being used as the founder for the next backcross generation. To find this animal, 16-40 males have to be screened in each generation (Markel et al. 1997 , Wakeland et al. 1997 , Visscher 1999 , Wong 2002 . For several inbred mouse strains (129P3, 129X1, A/J, AKR, BALB/c, C3H, C57BL/6J, C57BL/10, C57BLKs/J, CAST/Ei, DBA/2, FVB/NJ, JF1, LP/J, NOD/MrkTacBr, NON/Lt, NZM, PWB, SJL/J, SPRET/Ei), whole genome scans on the basis of SSLP markers have been developed (Dietrich et al. 1992 , Matouk et al. 1996 , Morel et al. 1996 , Markel et al. 1997 , Threadgill et al. 1997 , Ferraro et al. 1998 , Matin et al. 1998 , Schalkwyk et al. 1999 , Estill & Garcia 2000 , Iakoubova et al. 2000 . Recently, highly informative SSLP marker sets have been described for 54 inbred mouse strains (Witmer et al. 2003) .
Here we compiled informative microsatellite markers for the establishment of a general PCR-based MASP for the outbred CFW and ICR stocks to be backcrossed in C57BL/6.
Materials and methods
Animals C57BL/6NCrlBR, CFW and ICR mice were obtained from Charles River Laboratories (Wilmington, MA). The CFW stock is described as being historically derived by outbreeding the progeny of a single pair of inbred Swiss mice, whereas ICR mice were derived from a small group of non-inbred Swiss mice (http://www.criver.com/04cat/ catalog_2004W.pdf ). Additional DNA samples of CFW and ICR mice were derived from Harlan Winkelmann GmbH (Borchen, Germany) and Taconic (Germantown, NY). From each breeder, 10 mice (five males and five females) of each outbred stock were examined.
Microsatellites
Map locations and primer sequences of the microsatellite loci were used according to the Mouse Locus List (http://www.informatics.jax.org). Microsatellite loci were chosen which were distributed uniformly over the genome and which differed in length by at least 10% between the mouse strains examined for the evaluation by agarose gel electrophoresis. After having successfully tested the individual DNA preparations in the PCR analysis, genomic DNA from the five mice of the same sex of each stock was pooled. The length of the PCR amplificates was compared between the outbred stocks and the C57BL/6 genomic DNA. Markers informative for CFW and/or ICR from Charles River were subsequently examined in the mice of the other two suppliers.
DNA analysis
Genomic mouse DNA was extracted from tail biopsies according to standard protocols (Miller et al. 1988) . PCR reactions were carried out in a reaction volume of 25 l using 1 pMol oligonucleotides. Denaturation of template DNA at 94ЊC for 5 min was followed by amplification for 35 cycles. Each cycle included 30 s denaturation at 94ЊC, 30 s annealing (see Table 1 for the temperature) and 30 s extension at 72ЊC. Microtitre plates were used in an Applied Biosystems GeneAmp ® 9700 thermocycler (Applied Biosystems, Foster City, CA). Electrophoresis was performed on a 4% SaeKem LE agarose gel (BMA, Rockland, ME) and PCR products were visualized under UV light by ethidium bromide staining. Differences in the length of the PCR products between the C57BL/6 strain and the CFW and ICR stocks were analysed visually. For the exact length determination of the amplificates, ␣-32 P-dCTP labelled PCR products were electrophoresed on a 7% denaturing polyacrylamide gel (PAGE). Sequence reactions produced with the T7 sequencing kit (Amersham Pharmacia Biotech, Buckinghamshire, England) were used for size standardization.
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Polymorphic markers in outbred stocks 407 background due to its central role in mouse genomics (Paigen & Eppig 2000 , Gregory et al. 2002 . Microsatellite loci were chosen according to the Mouse Locus List (http://www.informatics.jax.org) and the length of the PCR amplificates was compared between the outbred stocks and the C57BL/6 genomic DNA. In total, 153 microsatellite loci were examined from the 19 autosomes. The X and Y chromosomes were excluded because they can be exchanged with a simple breeding protocol. The aim for the marker selection was the visual differentiation of the length of the PCR products on conventional agarose gel electrophoresis, which refers to a difference in length of about 10%. Due to this difference, non-templated nucleotide addition in the amplification process remained unconsidered (Brownstein et al. 1996) . We found 76 and 70 informative microsatellite markers which can be used for the generation of C57BL/6 congenic mice derived from the CFW and ICR stock, respectively (Table 1) . At least three polymorphic markers per chromosome were found. The maximum genomic distance between two marker loci was 58 cM and 70 cM, according to the data given in the Mouse Locus List (http://www.informatics.jax.org) and the Ensembl Genome Browser (http://www.ensembl.org), respectively. Multiple alleles of marker loci were found in the outbred stocks. The exact length of the amplificates was examined for selected microsatellite loci in some outbred mice by PAGE analysis. 28 and 22 of the chosen markers were not informative in at least individual CFW and ICR mice from different breeders. Two annealing temperatures (55ЊC and 60ЊC) were used in the PCR for the amplification of all loci. The 75 SSLP which appeared to be non-informative in the screen of both outbred stocks, are listed in Table 2 .
Discussion
Analysis of polymorphic microsatellite loci in the outbred CFW and ICR stocks resulted in 76 and 70 markers which can be used for the generation of C57BL/6 speed congenic mice by carrying out conventional agarose gel electrophoresis. Confirmation of the length of the amplificates of C57BL/6NCrlBR mice on a 7% polyacrylamide gel demonstrated analogous results as described for C57BL/6J, except for two loci which highly differed from the given information for C57BL/6J
Laboratory Animals (2004) 38 D5Mit355 ( D15Mit13 ( (Wakeland et al. 1997) , polymorphic loci, in addition to the informative markers found in this study, have to be selected for the respective outbred individual which is chosen as the donor animal in the production of a congenic strain for the following six genomic regions: MMU1, 25 cM; MMU3, 50 cM; MMU4, 30 cM; MMU7, 20 cM; MMU10, 25 cM; MMU17, 25 cM. This leads to a maximal marker distance of 32 cM in the test. For these chromosomal regions, multiple markers were found to be non-informative using agarose gel electrophoresis. According to the Mouse Locus List (http://www.informatics.jax.org), additional microsatellite loci are available for these regions. However, due to the allele lengths described for these markers in the strains examined to date, the additional loci might only be informative if PAGE analysis is carried out. Thus, time and cost effective backcross of a locus of interest in C57BL/6 by MASP requires the selection of a suitable outbred mouse. Compared to inbred animals, there is no general problem in using outbred animals for the generation of a speed-congenic strain, as one defined individual has to be selected and crossed with C57BL/6. However, the backcross of defined mutations of the outbred CFW and ICR stocks into other inbred strains may require different microsatellite loci.
The use of other markers such as single nucleotide polymorphisms (SNP) in high throughput analyses has only been described to date in inbred mice (Wiltshire et al. 2003) and is not yet feasible for outbred stocks (ftp://ftp.ncbi.nih.gov/snp). In total, the analysis of the informative markers established in this study on an agarose gel stained by ethidium bromide is seen to facilitate the time-and cost-effective production of C57BL/6 speed congenic mice derived from the outbred CFW and ICR stocks.
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